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FIELD OF THE INVENTION 
[0001] The present Invention relates to boundary scan devices, and more 
particularly to boundary s<[an devices provided to control and observe signals 
at macro boundaries. 

DESCRIPTION OF THE RELATED ART 
[0002] As the geometry of boards continue to shrink and integrated circuit 
(IC) density increases, testing of ICs on boards and their interconnection by a 
probe mechanism becomes more difficult. To facilitate testing of ICs, the IEEE 
standard 1149.1 specifies a boundary-scan architecture and a protocol which 
defines test logic that can be used with ICs in a standardized approach to 
testing the IC and interconnections between IC components when assembled 
on a printed circuit boarc to form a product- The standard is intended to 
confirm 1) that each device or component performs its required function, 2) 
that components are interconnected correctly, and 3) that components 
interact correctly and that the product performs its intended function, 
[0003] In general, a number of boundary-scan cells are interconnected to 
each other and to a device under test (DUT) to form a boundary scan device, 
I.e., a device equipped wi:h boundary-scan test capability, as defined by the 
above referenced IEEE standard. The boundary scan cells for the pins of the 
device under test are interconnected to form a scan chain, i.e., shift register 
chain, around the boarder of the device under test. This chain is provided with 
serial scan input and output connections and appropriate clock and control 
signals. 

[0004] By providing bcundary scan devices in signal paths between an 
internal circuitry of each on-board integrated circuit and in signal paths 
between the internal circuitries and external terminals, the boundary scan 
devices provide a means of observing and transmitting data flowing into each 
integrated circuit througi its input pins and data delivering out of the 

its output pins during normal mode of operations. 
During test mode of ope rations, the boundary scan devices can load the 
internal circuitries or the external terminals with test pattern data and shift out 
the results to verify that data transmission between the on-board integrated 
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[0005] JP-A 10-326301 
macros (i.e., modules or 



illustrated is how a numbe 



output-side portion of the 
input boundary-scan cells 
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out. 



discloses a connect test between a plurality of 



Mocks) of an LSI, i.e., a verification that all of the 
macros are properly interconnected, without relying on a boundary-scan 
device. 

[0007] Figure 1 is a blcck diagram of a custom LSI 10 illustrating how a 

■scan cells BI^ BI 2 ... BI X are interconnected to each 
other and connected to input pins of a macro 12, respectively, to form an 
input'side portion of a scan chain 14 of a boundary-scan device 16. Also 

sr of output boundary-scan cells BOi, B0 2 ... BO x are 



interconnected to each ot ler and to output pins of the macro 12 to form an 



: scan chain 14 of the boundary scan device 16. The 
ilu BI 2 ... BI X are connected also to output pins of a 
peripheral circuit 18, respectively. The output boundary-scan cells B0 lt B0 2 ... 
BO x are connected also to input pins of the peripheral circuit 18. The custom 
LSI is a semiconductor integrated circuit designed to meet user's specification 
and equipped with functio lal capability requested by the user. 
[0008] With continuing 'eference to Figure 1, the macro 12 is a functional 
block designed and verified by a supplier and may be presented to a user as 
intellectual property (IP). In most cases, without knowing what peripheral 
circuitry is provided, the supplier designs the macro 12 as an independent 
block. For ease of verification that internal combinational circuits 20 and 22 
properly operate, the supplier equips the macro 12 with a scan chain 24. The 
scan chain 24 includes scan cells 26 for output pins of the combinational circuit 
20 and scan cells 28 for input pins of the combinational circuit 22. The scan 
cells 26 and 28 are interconnected to form a shift-register chain provided with 
serial input and output external connection test terminals IpSI and Ipso 
during test mode operations. During normal mode operations, the scan cells 
26 and 28 act as indepencent flip-flops, respectively. 
[0009] Using netlists of library cells, the supplier designs and fabricates the 
peripheral circuit 18 to me it the user's specification. The peripheral circuit 18 
and the macro 12 are interconnected and cooperate with each other to 
perform the functions requested by the user. For ease of verification that 
internal combinational circuits 30 and 32 properly operate, the peripheral 
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circuit 18 is equipped with 
cells 36 for input pins of 



a scan chain 34. The scan chain 34 includes scan 
the combinational circuit 30 and scan cells 38 for 



of the macro 12 and the 
mode of operations, the 
output boundary-scan ce 



a means of observing and 
its input pins and data de 



output pins of the combinational circuit 32. The scan cells 36 and 38 are 
interconnected to form a shift-register chain provided with serial input and 
output external connection test terminals USI and USO during test mode 
operations. During norms I mode operations, the scan cells 36 and 38 act as 

pectively. 

[0010] As mentioned before, the boundary-scan device 16 includes the 
scan chain 14. The scan chain 14 includes input boundary-scan cells BIi, BI 2 
BI X for the output pins cf the peripheral circuit 18 and the input pins of the 
macro 12, and output bou idary-scan cells QOi, B0 2 ... BO x for the output pins 

nput pins of the peripheral circuit 18. During test 
input boundary-scan cells BI X , BI 2 ... BI X and the 
Is BOi, BO* ... BOx are interconnected to form a 
shift-register chain provided with serial input and output external connection 
test terminals BSI and BSC) during test mode operations. During normal mode 
operations, the boundary-scan cells BIi, BI 2 ... BI X and BO x , B0 2 ... BO x provide 

transmitting data flowing into the macro 12 through 
vering out of the macro 12 through its output pins. 
During test mode of operations, the boundary-scan cells BIi, BI 2 ... BI X and Bd, 
B0 2 ... BO x shift test pattern data and shift out the results for test. 
[0011] Figure 7 is an exemplary implementation of a boundary-scan cell 40 
that could be used for ea:h of the input boundary-scan cells BIi, BI 2 ... BI X . 
Figure 8 is an exemplary implementation of a boundary-scan cell 80 that could 
be used for each of the output boundary-scan cells BOi, B0 2 ... BO x . 
[0012] With reference t > Figure 7, the input boundary-scan cell 40 includes 
a signal path 42 for an input pin of the macro 12. The signal path 42 has a data 

data signal output end 46. At the data signal input 
cell 40 is coupled to one of a plurality of output pins 
18. At the data signal output end 46, the 
boundary-scan cell 40 is ciupled to one of a plurality of input pins of the macro 
12. The input boundary-^can cell 40 includes a circuitry 48. Components of 

50, a scan cell 52 and a selector 54. 
a first input 56 coupled to the data signal input end 



signal input end 44 and a 
end 44, the boundary-scaih 
of the peripheral circuit 



the circuitry 48 are a gate 
[0013] The gate 50 has 
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44, a second input 58 coupled to a source of a test control signal ExSCANTEST, 
and an output 60. The tsst control signal ExSCANTEST indicates a device 
under test The test cortrol signal ExSCANTEST Is at *1* level when the 
peripheral circuit 18 is a de vice under test, and at"0" level when the macro 12 
is a device under test. If the test control signal ExSCANTEST is at w l" level, 
the gate 50 receives a signal on the data signal Input end 44 as the first input 
56 and provides it as the < output 60. If the test control signal ExSCANTEST Is 
at "0" level, the gate 50 provides a fixed value of "0" as the output 60. As the 
output 60, the fixed value is not limited to "0". The fixed value of any 
magnitude, for example, M l" may suffice as the output 60 if the test control 
signal is at "0" level. As th 5 discussion proceeds, it will be noted that the signal 
on the output 60 is captured by the scan cell 52. For convenience in testing, 
the signal on the output 6 3 is held invariable when the peripheral circuit 18 is 
not a device under test, i.e., when the macro 12 is a device under test. 
[0014] The scan cell 52 is of the multiplexer type although it may be of the 
level sensitive scan design (LSSD) type. The scan cell 52 includes a selector 
62 and a flip-flop (not sho/vn). The selector 62 receives as its capturing input 
64 the output 60 of the gate 50 and as its shift input 66 test pattern data on a 
scan input 68. In response to a test control signal SCANEN, the selector 62 
selects its capturing input 64 and provides it as its output. Specifically, the 
selector 62 selects its capturing input 64 and provides it as its output when the 
test control signal SCANE SI is at n 0" level, but it selects its shift input 66 and 
provides it as its output when the test control signal SCANEN is at level. 
During test mode operations, the flip-flop receives the output of the selector 
62 as its data input and it i ; clocked by a clock signal CLK to shift the data input 
to provide a shift output on a scan output 70. The flip-flop updates the shift 
output of the flip-flop by c series to parallel conversion to provide an updated 
output 72. In response to a test control signal SCANTEST indicative of test 
mode operations, the scai cells 52 are interconnected to form an input-side 
portion of scan chain 14 see Figure 1) between the serial input and output 
external connection test terminals BSI and BSO. During test mode operations, 
in response to the test central signal SCANEN that controls capturing action 
and the clock signal CLK, the output 60 of each gate 50 is captured and shifted, 
and the shift output is updated by the series to parallel conversion to provide 
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the updated output 72. 
[0015] The selector 54 
the data signal on the data 



receives, as its inputs, the updated output 72 and 
signal input end 44. In response to the test control 
signal SCANTEST, the selector 54 selects the updated output 72 and provides 
it, as its output, on the data signal output end 46. Specifically, as the test 

is at "1" level during test mode operations, the 
selector 54 selects the upcated output 72 as its output. The test control signal 
SCANTEST is at "0" level during normal mode operations so that the selector 
54 selects the data signs, I on the data signal input end 44. Thus, during 
normal mode operations, the selector 54 allows transmission of signal from 
the data signal input end 44 to the data signal output end 46 through the 
signal path 42. 

[0016] With reference now to Figure 8, the output boundary-scan cell 80 
includes a signal path 82 for an output pin of the macro 12. The signal path 82 
has a data signal input end 84 and a data signal output end 86. At the data 
signal input end 84, the boundary-scan cell 80 is coupled to one of a plurality 
of output pins of the m Jcro 12. At the data signal output end 86, the 
boundary-scan cell 80 is coupled to one of a plurality of input pins of the 
peripheral circuit 18. The output boundary-scan cell 80 Includes a circuitry 88. 
Components of the circuity 88 are a gate 90, a scan cell 92 and a selector 94. 
[0017] The gate 90 has a first input 96 coupled to the data signal input end 
84, a second inverted input 98 coupled to the source of test control signal 
ExSCANTEST, and an output 100. As different from the gate 50, the gate 90 
is responsive to an invert* d version of the test control signal ExSCANTEST. If 
the test control signal E> SCANTEST is at "0" level, the gate 90 receives a 
signal on the data signal hput end 84 as the first input 96 and provides it as 
the output 100. If the tes : control signal ExSCANTEST is at *1" level, the gate 
90 provides a fixed value of n 0" as the output 100. As the output 100, the 
fixed value is not limited to "0". The fixed value of any magnitude, for example, 
•1* may suffice as the out put 100 if the test control signal ExSCANTEST is at 
"1" level. As the discussian proceeds, it will be noted that the signal on the 
output 100 is captured by the scan cell 92. For convenience in testing, the 
signal on the output 100 s held invariable when the peripheral circuit 18 is a 
device under test, i.e., when the macro 12 is not a device under test. 
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[0018] The scan cell 92 
level sensitive scan design 
102 and a flip-flop (not s 



s of the multiplexer type although it may be of the 
(LSSD) type. The scan cell 92 includes a selector 
town). The selector 102 receives as its capturing 



input 104 the output 100 of the gate 90 and as its shift input 106 test pattern 
data on a scan input 108. In response to the test control signal SCANEN, the 
selector 102 selects its capturing input 104 and provides it as its output. 
Specifically, the selector 1 32 selects its capturing input 104 and provides it as 
its output when the test ccntrol signal SCAN EN is at*0" level, but it selects its 
shift input 106 and prov des it as its output when the test control signal 
SCANEN is at n l" level. Di ring test mode operations, the flip-flop receives the 
output of the selector 102 as its data input and it is clocked by the clock signal 
CLK to shift the data input to provide a shift output on a scan output 110. The 
flip-flop updates the shi t output of the flip-flop by a series to parallel 
conversion to provide an updated output 112. In response to the test control 
signal SCANTEST indicative of test mode operations, the scan cells 92 are 
interconnected to form an output-side portion of scan chain 14 (see Figure 1) 
between the serial input and output external connection test terminals BSI 
and BSO. During test mo ie operations, in response to the test control signal 
SCANEN that controls capturing action and the clock signal CLK, the output 
100 of each gate 90 is cap ;ured and shifted, and the shift output is updated by 
the series to parallel conversion to provide the updated output 112. 
[0019] The selector 94 -ecelves, as its inputs, the updated output 112 and 
the data signal on the dats signal input end 84. In response to the test control 
signal SCANTEST, the selector 94 selects the updated output 112 and 
provides it, as its output, c n the data signal output end 86. Specifically, as the 
test control signal SCANTEST is at *1" level during test mode operations, the 
selector 94 selects the updated output 112 as its output. The test control 

level during normal mode operations so that the 
selector 94 selects the dita signal on the data signal input end 84. Thus, 
during normal mode oper ations, the selector 94 allows transmission of signal 
from the data signal input end 84 to the data signal output end 86 through the 
signal path 82. 

[0020] In preparation for testing the custom LSI 10, an automatic test 
pattern generator (ATPG] automatically generates appropriate test patterns 
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used by the scan chains JL4, 24 and 34 based on information derived from 
netlists of library cells. During test mode operations, circuit components of 
the custom LSI are isolate J by the adjacent two scan chains one after another 
and tested using the appropriate test pattern. 
[0021] To allow the combinational circuits 30 and 32 within the peripheral 
circuit 18 to be tested, th<s scan chain 34 within the peripheral circuit 18 and 
the scan chain 14 within t le boundary scan device 16 are used. In this case f 
the test control signal SC ANTE ST is at "1" level and the test control signal 
ExSCANTEST is at "1" level. 

[0022] On the side of the input pins of the macro 12, the appropriate test 
pattern data is used as input signal to the scan chain 34 within the peripheral 
circuit 18 through the serial input external connection test terminal USI. The 
input scan cells 36 shift the test data and provide updated outputs, as inputs, 
to the combinational circi it 30. Outputs of the combinational circuit 30 are 
delivered out of the peripieral circuit 18 through its output pins to the data 
signal Input ends 44 of tie input boundary-scan cells BIi, BI 2 ... BI X . The 
signals on the data signal input ends 44 are allowed by the gates 50 to reach 
the capturing inputs 64 of the scan cells 52, and captured in response to the 
test control signal SCAN =N and clock signal CLK. The captured data are 
shifted out of the scan chain 14 of the boundary-scan device 16 through the 
serial output external connection test terminal BSO for test. 
[0023] On the side of e output pins of the macro 12, the appropriate test 
pattern data is used as input signal to the scan chain 14 of the boundary-scan 
device 16 through the ser al input external connection test terminal BSI. The 
scan ceils 52 and 92 shift the test data to enable scan ceils 92 to provide 
updated outputs 112. Th » updated outputs 112 are selected by selectors 92 
and delivered out of the c utput boundary-scan ceils BOi, B0 2 ... BO x through 
the data signal output encs 86. The signals on the data signal output ends 86 
are fed, as inputs, to the combinational circuit 32 through the input pins of the 
peripheral circuit 18. Ou ;puts of the combinational circuit 32 are fed to the 
scan cells 38 of the scan ciain 34 within the peripheral circuit 18 and captured 
by the scan cells 38 and shifted out of the scan chain 34 through the serial 
output external connection test terminal USO for test. 
[0024] To allow the combinational circuits 20 and 22 within the macro 12 to 
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4 within the boundary scan device 16 and the scan 
12 are used. In this case, the test control signal 
and the test control signal ExSCANTEST is at *0" 



be tested, the scan chain 
chain 24 within the macrc 
SCANTEST is at "1" level 
level. 

[0025] On the side of the input pins of the macro 12, the appropriate test 
pattern data is used as input signal to the scan chain 14 of the boundary-scan 
device 16 through the serai input external connection test terminal BSI. The 
scan cells 52 shift the test data and provide updated outputs 72. The updated 
outputs 72 are selected tiy the selectors 54 and delivered out of the input 
boundary-scan cells BIi, lh ... BI X through the data signal output ends 46. 
The signals on the data signal output ends 46 are fed, as inputs, to the 
combinational circuit 20 through the input pins of the macro 12* Outputs of 
the combinational circuit AO are fed to the scan ceils 26 of the scan chain 24 
within the macro 12 and captured by the scan cells 26 and shifted out of the 
scan chain 24 through the serial output external connection test terminal IpSO 
for test. 

[0026] On the side of tt e output pins of the macro 12, the appropriate test 
pattern data is used as in >ut signal to the scan chain 24 within the macro 12 
through the serial input externa! connection test terminal IpSI. The output 
scan cells 28 shift the test data and provide updated outputs, as inputs, to the 
combinational circuit 22. Outputs of the combinational circuit 22 are delivered 
out of the macro 12 throw jh its output pins to the data signal input ends 84 of 
the output boundary-scan cells B0 lf B0 2 ... B0 X . The signals on the data signal 
input ends 84 are allowed by the gates 90 to reach the capturing inputs 104 of 
the scan cells 92, and captured in response to the test control signal SCANEN 
and clock signal CLK. The captured data are shifted out of the scan chain 14 
of the boundary-scan dev ce 16 through the serial output external connection 
test terminal BSO for test, 

[0027] After the various tests of the components during test mode 
operations, the custom I SI 10 is tested using the serial input and output 
external connection test terminals. In this case, the test control signal 
SCANTEST is at "0" level and the test control signal ExSCANTEST is at "0" level. 



As the test control signal 



SCANTEST is at "0" level, the selectors 54 of the 



input boundary-scan cells; BI X . BI 2 ... BI X allow signal transmission from the 
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data signal input to outpu: ends 44 and 46 through the signal paths 42, and 
the selectors 94 of the out >ut boundary-scan cells BOi, B0 2 ... BO x allow signal 
transmission from the data signal input to output ends 84 and 86 through the 
signal paths 82. This tes: is to verify that signal transmission, through the 
signal paths 42 and 82, between the peripheral circuit 18 and the macro 12 is 
proper so that the custom LSI 10 may have functional capability requested by 
the user. 

[0028] The use of boundary-scan device 16 including conventional 
boundary-scan cells 40 ar d 80 (see Figures 7 and 8) enables the user to test 
the macro 12 using test pettern automatically generated by the automatic test 
pattern generator (ATPG) and provided by the supplier of the macro 12. As 
the user is enabled to tes : the macro 12, it has become no longer necessary 
for the supplier of the macro 12 to disclose circuit information on the macro 12, 
This is advantageous in preventing a leakage of circuit information on the 
macro 12. 

[0029] The above-mentioned test of the custom LSI 10 requires appropriate 
test pattern. However, generation of appropriate test pattern by the 
automatic test pattern geierator (ATPG) is difficult without netlists of library 
cells of the macro 12. Besides, the supplier of the macro 12 is unwilling to 
disclose circuit information on the macro 12. It is therefore the conventional 
practice to create test pa±ern based on the specification of user requesting 
functions. Testing the custom LSI 10 using this test pattern poses a problem 
that detecting faults in sig nal transmission to and out of the macro 12 through 
the boundary-scan device 16 is difficult. 

[0030] Describing mom specifically, detecting failures or faults in signal 
transmission through the signal paths 42 and 82 (see Figures 7 and 8) of the 
boundary-scan cells is cifficult by test using the test pattern generated 
without knowing the circuit information on the macro 12. 
[0031] Accordingly, ths supplier is requested to disclose the circuit 
information on the macro 12 by the user if the user creates appropriate test 
pattern for the test of custom LSI. However, such request is hardly acceptable 
by the supplier because cisclosing the circuit information on the macro 12 to 
the user increases the probability that the circuit information on the macro 12 
may leak. 
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[0032] Accordingly, an 
boundary-scan device, wh 
transmission through the 
[0033] Another object 



object of the present invention is to provide a 
ch makes it easy to detect failures or faults in signal 
joundary-scan device to and out of the macro, 
of the present invention Is to provide a 



boundary-scan device, which provides enhanced test quality of a custom LSI. 



[0034] Further object 
boundary-scan device, wh 
on the macro for creation 



of the present invention is to provide a 
ch does not require disclosure of circuit information 
of appropriate test pattern. 
SUMMARY OF THE INVENTION 
[0035] One exemplary implementation of the present invention provides a 
boundary-scan device. The boundary-scan device to a macro, comprises: 



a plurality of signal 



paths connected to the macro, each having a data 



signal input end and a da:a signal output end for signal transmission during 
normal mode operations; and 

a plurality of circuit ries for said plurality of signal paths, respectively, 
each having capability of capturing a signal transmission event that a signal 
has past through one o : said plurality of signal paths during test mode 
operations. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0036] Figure 1 is a block diagram of a custom LSI equipped with a 
boundary-scan device between a peripheral circuit and a macro. 
[0037] Figure 2 illustrates an exemplary implementation of an input 
boundary-scan cell. 

[0038] Figure 3 illustr ates an exemplary implementation of an output 
boundary-scan cell. 

[0039] Figure 4 is a block diagram of another custom LSI equipped with 
another boundary-scan device between a peripheral circuit and a macro. 
[0040] Figure 5 illustrates another exemplary implementation of an input 
boundary-scan cell. 

[0041] Figure 6 illustrates another exemplary implementation of an output 
boundary-scan cell. 

[0042] Figure 7 illustrates an exemplary implementation of a conventional 
input boundary-scan cell. 

[0043] Figure 8 illustrates an exemplary implementation of a conventional 
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[0044] 

with reference to Figures 



output boundary-scan cell. 

DETAILED DESCRIPTION OF THE INVENTION 

First exemplary embodiment of the Invention will now be described 
to 3. Later, second exemplary embodiment of the 



invention will be describee with reference to Figures 4 to 6. Throughout each 
of these Figures, like reference numerals represent like elements or portions. 
[0045] Referring to Figure 1, a custom LSI 10 is illustrated. A number of 
input boundary-scan cells Bit, BI 2 ... BI X for input pins of a macro 12 are 
interconnected to each other to form an input-side portion of a scan chain 14 
of a boundary-scan device; 16. A number of output boundary-scan cells BOi, 
B0 2 ... BO x for output pins of the macro are interconnected to each other to 
form an output-side portic n of the scan chain 14 of the boundary scan device 
16, The input boundary-s:an cells Bl u BI 2 ... BI X are connected also to output 
pins of a peripheral circuii; 18, respectively. The output boundary-scan cells 
BOi, B0 2 ... BO x are connected also to input pins of the peripheral circuit 18. 
[0046] With continuing reference to Figure 1, for ease of verification that 
internal combinational cir:uits 20 and 22 properly operate, the macro 12 is 



equipped with a scan cha 
output pins of the combin 



n 24. The scan chain 24 includes scan cells 26 for 
lational circuit 20 and scan cells 28 for input pins of 
the combinational circuit ;>2. The scan cells 26 and 28 are interconnected to 
form a shift-register cha n provided with serial input and output external 
connection test terminals [pSI and IpSO during test mode operations. During 
normal mode operations, {he scan cells 26 and 28 act as independent flip-flops, 
respectively. 

[0047] The peripheral dircult 18 and the macro 12 are interconnected and 
cooperate with each othc r to perform the functions requested by the user. 

ncludes combinational circuits 30 and 32. For ease 
of verification that the combinational circuits 30 and 32 properly operate, the 
peripheral circuit 18 is equipped with a scan chain 34. The scan chain 34 

input pins of the combinational circuit 30 and scan 
the combinational circuit 32. The scan cells 36 and 
brm a shift-register chain provided with serial input 
and output external connection test terminals USI and USO during test mode 
operations. During normal mode operations, the scan cells 36 and 38 act as 



includes scan cells 36 for 
cells 38 for output pins of 
38 are interconnected to 
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mode of operations, the 
output boundary-scan ce 



independent flip-flops, resDectively. 

[0048] As mentioned before, the boundary-scan device 16 includes the 
scan chain 14. The scan chain 14 includes input boundary-scan cells BI X/ BI 2 
... BI X for the output pins cf the peripheral circuit 18 and the input pins of the 
macro 12, and output bou idary-scan cells BOi, B0 2 ... B0 X for the output pins 
of the macro 12 and the input pins of the peripheral circuit 18. During test 

input boundary-scan cells BI a/ BI 2 ... BI X and the 
Is BOi, B0 2 ... BO* are interconnected to form a 
shift-register chain provided with serial input and output external connection 
test terminals BSI and BSD during test mode operations. 
[0049] Figure 2 illustrates an input boundary-scan cell 120 that could be 
used for each of the input boundary-scan cells BIi, BI 2 „. BI X in Figure 1. 
Figure 3 illustrates an output boundary-scan cell 180 that could be used for 
each of the output boundory-scan cells BO a , B0 2 ... BO x in Figure 1 
[0050] With reference to Figure 2, the input boundary-scan cell 120 
includes a signal path 122 for an input pin of the macro 12. The signal path 
122 has a data signal input end 124 and a data signal output end 126. At the 
data signal input end 124. the boundary-scan cell 120 is coupled to one of a 
plurality of output pins of the peripheral circuit 18. At the data signal output 
end 126, the boundary-scan cell 120 is coupled to one of a plurality of input 
pins of the macro 12. The input boundary-scan ceil 120 includes a circuitry 
128. Components of the circuitry 128 are a gate 130, a scan cell 132, a 
selector 134, and a selector controlling logic unit 136. 
[0051] The gate 130 has a first input 138 coupled to the data signal output 
end 126, a second input 140 coupled to a source of a test control signal 
ExSCANTEST, and an output 142. The test control signal ExSCANTEST 
indicates a device under i:est. The test control signal ExSCANTEST is at *1" 
level when the periphera circuit 18 is a device under test, and at *0" level 
when the macro 12 is a device under test. If the test control signal 
ExSCANTEST is at ™1" lev ;1, the gate 130 receives a signal on the data signal 



output end 126 as the firs 



test control signal ExSCANTEST is at "0" level, the gate 130 provides a fixed 



value of *0" as the output 
to*0". The fixed value of 



input 138 and provides it as the output 142. If the 



142. As the output 142, the fixed value is not limited 
any magnitude, for example, *1* may suffice as the 



signal output end 126 anc 
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output 142 if the test central signal ExSCANTEST Is at "0" level. As the 
discussion proceeds, it will be noted that the signal on the output 142 Is 
captured by the scan cell 132. For convenience in testing, the signal on the 
output 142 is held invarie ble when the peripheral circuit 18 is not a device 
under test, i.e., when the macro 12 is a device under test. From the 
description of this section, it is to be noted that the gate 130 is different from 
the gate 50 (see Figure 7) only in that the first input 138 is coupled to the 



exposed to data signal thereon. 



[0052] The scan cell 13:: is of the multiplexer type although it may be of the 
level sensitive scan design (LSSD) type. The scan cell 132 includes a selector 
144 and a flip-flop (not shown). The selector 144 receives, as its capturing 
input 146, the output 14;» of the gate 130 and, as Its shift Input 148, test 
pattern data on a scan input 150. In response to a test control signal SCAN EN, 
the selector 144 selects its capturing input 146 and provides it as its output. 
Specifically, the selector 144 selects its capturing input 146 and provides it as 
its output when the test cc ntrol signal SCANEN is at w 0" level, but It selects its 
shift input 148 and provdes it as its output when the test control signal 
SCANEN is at*l" level. Di ring test mode operations, the flip-flop receives the 
output of the selector 144 as its data input and it Is clocked by a clock signal 
CLK to shift the data input to provide a shift output on a scan output 152. The 
flip-flop updates the shflt output of the flip-flop by a series to parallel 
conversion to provide an updated output 154. The scan cells 132 are 
interconnected to form an input-side portion of scan chain 14 (see Rgure 1) 
between the serial input <ind output external connection test terminals BSI 
and BSO. During test mode operations, in response to the test control signal 
SCANEN that controls capturing action and the dock signal CLK, the output 
142 of each gate 130 is ce ptured and shifted, and the shift output is updated 
by the series to parallel conversion to provide the updated output 154. 
[0053] The selector 134 receives, as its inputs, the updated output 154 and 
the data signal on the data signal input end 124. In response to an output 156 
of the selector controlling ogic unit 136, the selector 134 selects the updated 
output 154 and provides i :, as Its output, on the data signal output end 126. 
Specifically, the selector 134 selects the updated output 154 as its output 
when the output 156 is at v 1" level. The selector 134 selects the data signal on 



test control signal ExSCAN 
u 0" level. The gate 158 
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the data signal input end :.24 when the output 156 is at *0" level. 
[0054] The selector controlling logic unit 136 includes a logical element In 
the form of a gate 158. Tte gate 158 has a first input 160 coupled to a source 
of a test control signal SCANTEST and a second inverted input 162 coupled to 
a source of a test control signal ExSCANTEST. In the embodiment, the output 
156 is at "1" level when tho test control signal SCANTEST is at "1" level and the 

TEST Is at *0" level. Otherwise, the output 156 is at 
s common to all of the selectors 134 of the input 
boundary-scan cells BIi, EU 2 ... BI X so that only one of such gate 158 may be 
used to control all of the s electors 134. 

[0055] With reference r ow to Figure 3, the output boundary-scan cell 180 
includes a signal path 182 for an output pin of the macro 12. The signal path 
182 has a data signal input end 184 and a data signal output end 186. At the 



data signal input end 184 



boundary-scan celt 180 \< 
peripheral circuit 18. The 



the boundary-scan cell 180 is coupled to one of a 



plurality of output pins of tie macro 12. At the data signal output end 186, the 



coupled to one of a plurality of input pins of the 
output boundary-scan cell 180 includes a circuitry 
188. Components of thd circuitry 188 are a gate 190, a scan cell 192, a 
selector 194, and a selector controlling logic unit 196, 
[0056] The gate 190 has a first input 198 coupled to the data signal output 

sd input 200 coupled to the source of test control 
jn output 202. As different from the gate 130, the 
:o an inverted version of the test control signal 
control signal ExSCANTEST is at level; the gate 
190 receives a signal on the data signal output end 186 as the first input 198 
and provides it as the output 202. If the test control signal ExSCANTEST is at 
*1" level, the gate 190 provides a fixed value of "0" as the output 202. As the 
output 202, the fixed vajlue is not limited to *0". The fixed value of any 

1" may suffice as the output 202 if the test control 
L" level. As the discussion proceeds, it will be noted 
jtput 202 is captured by the scan cell 192. For 



end 186, a second invert 
signal ExSCANTEST, and 
gate 190 Is responsive 
ExSCANTEST. If the test 



magnitude, for example, 
signal ExSCANTEST is at 
that the signal on the o 



the peripheral circuit 18 i< 
a device under test, 



convenience in testing, the signal on the output 202 is held invariable when 



a device under test, i.e., when the macro 12 is not 



•15- 



NE-1151 



[0057] The scan cell 192 is of the multiplexer type although it may be of the 
level sensitive scan desigr (LSSD) type. The scan cell 92 includes a selector 
204 and a flip-flop (not sliown). The selector 204 receives as its capturing 
Input 206 the output 202 c f the gate 190 and as its shift input 208 test pattern 
data on a scan input 210. In response to the test control signal SCAN EN, the 
selector 204 selects its capturing input 206 and provides It as Its output. 
Specifically, the selector 2 D4 selects its capturing input 206 and provides it as 
its output when the test cc ntrol signal SCAN EN is at M 0" level, but it selects its 
shift input 208 and provides it as its output when the test control signal 
SCANEIM is at * 1" level. Dt ring test mode operations, the flip-flop receives the 
output of the selector 204 as its data input and it Is clocked by the clock signal 
CLK to shift the data input to provide a shift output on a scan output 212. The 
flip-flop updates the shiit output of the flip-flop by a series to parallel 
conversion to provide an updated output 112. The scan cells 192 are 
interconnected to form an output-side portion of scan chain 14 (see Figure 1) 
between the serial input -and output external connection test terminals BSI 
and BSO. During test mode operations, in response to the test control signal 
SCANEN that controls capturing action and the clock signal CLK, the output 
202 of each gate 190 is c« ptured and shifted, and the shift output is updated 
by the series to parallel conversion to provide the updated output 214. 
[0058] The selector 194 receives, as its inputs, the updated output 214 and 



the data signal on the date 
of the selector controlling 
output 214 and provides i 
Specifically, the selector 
when the output 216 is at 
the data signal input end 
[0059] The selector cor 
the form of a gate 218. 



signal input end 184. In response to an output 216 
ogic unit 196, the selector 194 selects the updated 
, as its output, on the data signal outputlend 186. 
L94 selects the updated output 214 as its output 
L" level. The selector 194 selects the data signal on 
84 when the output 216 Is at u 0" level, 
trolling logic unit 196 Includes a logical element In 
The gate 218 has a first input 220 coupled to the 
source of test control sign.il SCANTEST and a second input 222 coupled to the 
source of test control signal ExSCANTEST. In the embodiment, the output 
216 Is at n r level when th<s test control signal SCANTEST is at *1" level and the 
test control signal ExSCArsTEST is at w l" level. Otherwise, the output 216 is at 
*0" level. The gate 218 is common to all of the selectors 194 of the output 



[0060] 

pattern generator (ATPG) 
used by the scan chains 
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boundary-scan cells BOi, EI0 2 ... B0 X so that only one of such gate 218 may be 
used to control all of the selectors 194. 

In preparation for testing the custom LSI 10, an automatic test 
automatically generates appropriate test patterns 
L4, 24 and 34 based on information derived from 
netlists of library cells. Diuring test mode operations, circuit components of 
the custom LSI are isolate i by the adjacent two scan chains one after another 
and tested using the appropriate test pattern. 

[0061] To allow the combinational circuits 30 and 32 within the peripheral 
circuit 18 to be tested, th<i scan chain 34 within the peripheral circuit 18 and 
the scan chain 14 within t le boundary scan device 16 are used. In this case, 
the test control signal SCANTEST is at *i" level and the test control signal 
ExSCANTEST is at *1" level. 

[0062] On the side of the input pins of the macro 12, the appropriate test 
pattern data is used as input signal to the scan chain 34 within the peripheral 
circuit 18 through the serial input external connection test terminal USI. The 
input scan cells 36 shift the test data and provide updated outputs, as inputs, 
to the combinational circuit 30. Outputs of the combinational circuit 30 are 
delivered out of the peripieral circuit 18 through its output pins to the data 

:he input boundary-scan cells BIi, BI 2 ... BI X . The 
input ends 124 are allowed by the selectors 134 to 
output ends 126. The signals at the data signal 



signal input ends 124 of 
signals on the data signa 
appear at the data signa 



output ends 126 are allovred by the gates 130 to reach the capturing inputs 



146 of the scan cells 132, 
SCAN EN and clock signal 
chain 14. of the boundary 



and captured in response to the test control signal 
^LK. The captured data are shifted out of the scan 
■scan device 16 through the serial output external 
connection test terminal 6SO for test. 

[0063] On the side of th e output pins of the macro 12, the appropriate test 
pattern data is used as input signal to the scan chain 14 of the boundary-scan 
device 16 through the ser al input external connection test terminal BSI. The 
scan cells 132 and 192 s\\ ft the test data to enable scan cells 192 to provide 

updated outputs 214 are selected by selectors 194 
and delivered out of the dutput boundary-scan cells BOi, B0 2 ... BO x through 
the data signal output en is 186. The signals on the data signal output ends 
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186 are fed, as Inputs, to t ^e combinational circuit 32 through the input pins of 
the peripheral circuit 18. Outputs of the combinational circuit 32 are fed to the 
scan cells 38 of the scan chain 34 within the peripheral circuit 18 and captured 

shifted out of the scan chain 34 through the serial 
output external connection test terminal USO for test. 
[0064] To allow the combinational circuits 20 and 22 within the macro 12 to 

4 within the boundary-scan device 16 and the scan 
12 are used. In this case, the test control signal 
and the test control signal ExSCANTEST is at *0" 



be tested, the scan chain 
chain 24 within the macro 
SCAIMTEST is at "1" level 
level. 

[0065] On the side of the input pins of the macro 12, the appropriate test 
pattern data is used as input signal to the scan chain 14 of the boundary-scan 
device 16 through the ser al input external connection test terminal BSI. The 
scan cells 132 shift the test data and provide updated outputs 154. The 
updated outputs 154 are selected by the selectors 134 and delivered out of 
the input boundary-scan :ells BIi, BI 2 ... BI X through the data signal output 
ends 126. The signals on the data signal output ends 126 are fed, as inputs, 
to the combinational circuit 20 through the input pins of the macro 12. 
Outputs of the combinational circuit 20 are fed to the scan cells 26 of the scan 
chain 24 within the macro 12 and captured by the scan cells 26 and shifted out 
of the scan chain 24 through the serial output external connection test 
terminal IpSO for test. 

[0066] On the side of th e output pins of the macro 12, the appropriate test 
pattern data is used as in >ut signal to the scan chain 24 within the fnacro 12 
through the serial input external connection test terminal ipSL The output 
scan cells 28 shift the test data and provide updated outputs, as inputs, to the 
combinational circuit 22. < Outputs of the combinational circuit 22 are delivered 
out of the macro 12 through its output pins to the data signal input ends 184 
of the output boundary-s:an cells BO^ B0 2 ... B0 X . The signals on the data 
signal input ends 184 are allowed by the selectors 194 to appear at the data 



signal output ends 186. 
allowed by the gates 190 



The signals at the data signal output ends 186 are 
to reach the capturing inputs 206 of the scan cells 
192, and captured in res jonse to the test control signal SCANEN and clock 
signal CLK. The capture i data are shifted out of the scan chain 14 of the 



external connection test 



As the test control signal 
input boundary-scan cells 



through the signal paths 
through the signal paths 
the macro 12 is proper 
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boundary-scan device 16 (through the serial output external connection test 
terminal BSO for test. 
[0067] After the various tests of the components during test mode 
operations, the custom LSI 10 is tested using the serial input and output 

terminals. In this case, the test control signal 



SCANTEST is at*0" level and the test control signal ExSCAIMTEST is at*0" level. 



SCANTEST is at "0" level, the selectors 134 of the 
BI X . BI 2 BI X allow signal transmission from the 
data signal input to outpdt ends 124 and 126 through the signal paths 122, 
and the selectors 194 of the output boundary-scan cells BO x . B0 2 ... B0 X allow 
signal transmission from jrhe data signal input to output ends 184 and 186 

82. This test is to verify that signal transmission/ 
22 and 182, between the peripheral circuit 18 and 
so that the custom LSI 10 may have functional 
capability requested by the user. 

[0068] Referring to Figures 4-6, the second exemplary embodiment of the 
present invention will now be described. Figure 4 is a block diagram of a 
custom LSI 10A. This custom LSI 10A is substantially the same as the custom 
LSI 10 shown in Rgure 1 except that a peripheral circuit 18A is equipped with 
a scan chain 34A including a number of scan cells 36A and 38A of the clocked 
LSSD type and a boundary-scan device 16A is equipped with two different 
scan chains 14A and 14B. The scan chain 14A includes a number of scan cells 
of the clocked LSSD type, and the scan chain 14B includes a number of scan 
cells of the multiplex type. A macro 12 used in the custom LSI 10A is 

that used in the custom LSI 10 shown in Rgure 1. 
with a scan chain 24 including a number of scan cells 



substantially the same as 
The macro 12 is equipped 



26 and 28 of the multiplex type 



[0069] Figure 5 illustra 



used for each of the inpjt boundary-scan cells Bli, BI 2 ... BI X in Figure 4. 



Figure 6 illustrates an ou 



:es an input boundary-scan cell 230 that could be 



put boundary-scan cell 300 that could be used for 



each of the output boundary-scan cells BOi, B0 2 ... BO x in Figure 4 
[0070] With reference to Figure 5, the input boundary-scan cell 230 
includes a signal path 232 for an input pin of the macro 12. The signal path 
232 has a data signal input end 234 and a data signal output end 236. At the 



pins of the macro 12. Th 
238. Components of the 
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data signal input end 232J the boundary-scan cell 230 is coupled to one of a 
plurality of output pins of the peripheral circuit 18A. At the data signal output 
end 236, the boundary-scan cell 230 is coupled to one of a plurality of input 

1 2 input boundary-scan cell 230 Includes a circuitry 
drcuitry 238 are a gate 240, a scan cell 242 of the 
clocked LSSD type, a scar cell 244 of the multiplex type, a selector 246, and 
a selector controlling logic unit 248. 

[0071] The gate 240 ha > a first input 250 coupled to the data signal output 
end 236, a second input 252 coupled to a source of a test control signal 
ExSCANTEST, and an oitput 254. The test control signal ExSCANTEST 
indicates a device under test. The test control signal ExSCANTEST is at "1" 
level when the peripheral circuit 18 is a device under test, and at u 0" level 
when the macro 12 is a device under test. If the test control signal 
ExSCANTEST is at *1" levd, the gate 240 receives a signal on the data signal 
output end 236 as the first; input 250 and provides it as the output 254. If the 
test control signal ExSCAf JTEST is at u 0" level, the gate 240 provides a fixed 
value of "0" as the output :>54. As the output 254, the fixed value is not limited 
to "0". The fixed value of any magnitude, for example, X% 1" may suffice as the 
output 254 if the test cc ntrol signal ExSCANTEST is at *0" level. As the 
discussion proceeds, it will be noted that the signal on the output 254 is 
captured by the scan cell 242. For convenience in testing, the signal on the 
output 254 is held invariable when the peripheral circuit 18A is not a device 
under test, i.e., when the macro 12 is a device under test. From the 

it is to be noted that the gate 240 is substantially 
(see Figure 2). 

[0072] The scan cell 24; 1 is of the clocked LSSD type. The scan cells 242 are 
interconnected to each otier to form an input-side portion of scan chain 14A 
(see Figure 4) between the serial input and output external connection test 
terminals BSI2 and BS02 

[0073] The scan cell 244 is of the multiplexer type. The scan cells 244 are 

input-side portion of scan chain 14B (see Rgure 4) 
between the serial input ind output external connection test terminals BSI1 
and BSOl. During test mode operations, in response to the test control signal 
SCANEN that controls capturing action and the clock signal CLK, the test 



description of this section 
the same as the gate 130 
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pattern is shifted and updated to provide an updated output 256. 
[0074] The selector 246 receives, as its inputs, the updated output 256 and 
the data signal on the data signal input end 234. In response to an output 258 
of the selector controlling ogic unit 248, the selector 246 selects the updated 
output 154 and provides i :, as its output, on the data signal output end 236. 
Specifically, the selector 146 selects the updated output 256 as its output 
when the output 258 is at T 1" level. The selector 246 selects the data signal on 
the data signal input end ;>34 when the output 258 is at *0" level. 
[0075] The selector controlling logic unit 248 includes a logical element in 
the form of a gate 260. The gate 260 has a first input 262 coupled to a source 
of a test control signal SCANTEST and a second Inverted input 264 coupled to 
a source of a test control signal ExSCANTEST. In the embodiment, the output 
258 is at u l" level when th<! test control signal SCANTEST is at w l" level and the 
test control signal ExSCAI\ TEST is at *0" level. Otherwise, the output 258 is at 
"0" level. The gate 260 s common to all of the selectors 246 of the input 
boundary-scan cells Bl u Mi .» BI X so that only one of such gate 260 may be 
used to control all of the selectors 246. The selector controlling logic unit 248 
is substantially the same sis the selector controlling logic unit 136 (see Figure 
2). 

[0076] With reference row to Figure 6, the output boundary-scan cell 300 
includes a signal path 302 for an output pin of the macro 12. The signal path 
302 has a data signal input end 304 and a data signal output end 306. At the 
data signal input end 304, the boundary-scan cell 300 is coupled to one of a 
plurality of output pins of tie macro 12. At the data signal output end 306, the 
boundary-scan cell 300 \v coupled to one of a plurality of input pins of the 
peripheral circuit 18A. Tha output boundary-scan cell 300 includes a circuitry 
308. Components of the c rcuitry 308 are a gate 310, a scan cell of the clocked 
LSSD type 312, a scan c^H of the multiplex type 314, a selector 316, and a 

logic unit 318. 

[0077] The gate 310 hals a first input 320 coupled to the data signal output 
end 306, a second invert 2d input 322 coupled to the source of test control 

an output 324. As different from the gate 240, the 
;o an inverted version of the test control signal 
control signal ExSCANTEST is at "0" level, the gate 



signal ExSCANTEST, and 
gate 310 is responsive 
ExSCANTEST. If the test 
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output 324, the fixed va 
magnitude, for example, v 
signal ExSCANTEST is at" 



310 receives a signal on the data signal output end 306 as the first input 320 
and provides it as the outp ut 324. If the test control signal ExSCANTEST is at 
1" level, the gate 310 provides a fixed value of "0" as the output 324. As the 

ue is not limited to *0". The fixed value of any 
1" may suffice as the output 324 if the test control 
level. As the discussion proceeds, it will be noted 
that the signal on the oditput 324 Is captured by the scan cell 314. For 
convenience in testing, the signal on the output 324 is held invariable when 
the peripheral circuit 18A is a device under test, i.e., when the macro 12 is not 
a device under test. 

[0078] The scan cell 312 is of the clocked LSSD type. The scan cells 312 are 
interconnected to each other to form an output-side portion of scan chain 14A 
(see Figure 4) between the serial input and output external connection test 
terminals BSI2 and BS02. During test mode operations, the scan cell 312 
provides an updated outp Jt 326. 

[0079] The scan cell 314 is of the multiplexer type. The scan cells 314 are 
interconnected to form an output-side portion of scan chain 14B (see Figure 4) 
between the serial Input cind output external connection test terminals BSI1 
and BSOl. 

receives, as its inputs, the updated output 326 and 
signal input end 304. In response to an output 328 
ogic unit 318, the selector 316 selects the updated 



[0080] The selector 316 
the data signal on the date 
of the selector controlling 



output 326 and provides it as its output, on the data signal output end 306. 



Specifically, the selector 
when the output 328 is at 
the data signal input end 



316 selects the updated output 326 as its output 
1" level. The selector 316 selects the data signal on 
304 when the output 328 is at *0" level. 



[0081] The selector cor trolling logic unit 318 includes a logical element in 
the form of a gate 330. The gate 330 has a first Input 332 coupled to the 
source of test control signal SCANTEST and a second input 334 coupled to the 
source of test control signal ExSCANTEST. In the embodiment, the output 
328 is at *1" level when th * test control signal SCANTEST is at "1" level and the 
test control signal ExSCAr TEST is at *1" level. Otherwise, the output 328 is at 
*0" level. The gate 330 is common to all of the selectors 316 of the output 
boundary-scan cells BO if 30 2 ... BO x so that only one of such gate 330 may be 



-22- 



NE-1151 



used to control all of the selectors 316. The selector controlling logic unit 318 
is substantially the same the selector controlling logic unit 196 (see Figure 
3). 

[0082] To allow the combinational circuits 30 and 32 within the peripheral 
circuit 18A to be tested, the scan chain 34A of the clocked LSSD type and the 
scan chain 14A of the clocked LSSD type within the boundary scan device 16A 
are used. In this case, the test control signal SCANTEST is at *l" level and the 
test control signal ExSCANTEST is at *1* level. 

[0083] On the side of the Input pins of the macro 12, the appropriate test 
pattern data is used as input signal to the scan chain 34A within the peripheral 
circuit 18A through the serial input external connection test terminal USI. The 
input scan cells 36A of th<i clocked LSSD type shift the test data and provide 
updated outputs, as inpuls, to the combinational circuit 30. Outputs of the 
combinational circuit 30 are delivered out of the peripheral circuit 18A through 
its output pins to the datii signal input ends 234 of the input boundary-scan 
cells BIi, BI 2 ... Bl x . The signals on the data signal input ends 234 are allowed 
by the selectors 246 to ap )ear at the data signal output ends 236. The signals 
at the data signal output ends 236 are allowed by the gates 240 to reach the 
capturing inputs of the sc* n cells 242 of the docked LSSD type, and captured. 
The captured data are shi ted out of the scan chain 14A of the boundary-scan 
device 16A through the sorial output external connection test terminal BS02 
for test. 

[0084] On the side of tt e output pins of the macro 12, the appropriate test 
pattern data is used ss input signal to the scan chain 14A of the 
boundary-scan device 16A through the serial input external connection test 
terminal BSI2. The scan t ells 312 of the clocked LSSD type shift the test data 
to provide updated outputs 326. The updated outputs 326 are selected by 
selectors 316 and delivered out of the output boundary-scan cells BOi, B0 2 ... 
B0 X through the data sigr al output ends 306. The signals on the data signal 
output ends 306 are fed, s s inputs, to the combinational circuit 32 through the 
input pins of the peripheral circuit 18A. Outputs of the combinational circuit 32 
are fed to the scan cells 3<JA of the scan chain 34A within the peripheral circuit 
18A and captured by the ucan cells 38A and shifted out of the scan chain 34A 



through the serial output 



external connection test terminal USO for test. 
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[0085] To allow the com ^national circuits 20 and 22 within the macro 12 to 



be tested, the scan chain 



4B of the multiplex type within the boundary-scan 



device 16A and the scan cY ain 24 of the multiplex type within the macro 12 are 
used. In this case, the test control signal SCANTEST is at *1" level and the test 
control signal ExSCANTES T is at *0" level. 

[0086] On the side of tiie input pins of the macro 12, the appropriate test 
pattern data is used as input signal to the scan chain 14B of the 
boundary-scan device 16A through the serial input external connection test 
terminal BSI1. The scan cslls 244 of the multiplex type shift the test data and 
provide updated outputs ;>56. The updated outputs 256 are selected by the 
selectors 246 and delivered out of the Input boundary-scan cells BI X , BI 2 ... BI X 
through the data signal output ends 236. The signals on the data signal 
output ends 236 are fed, as inputs, to the combinational circuit 20 through the 
input pins of the macro 12. Outputs of the combinational circuit 20 are fed to 
the scan cells 26 of the sec n chain 24 within the macro 12 and captured by the 
scan cells 26 and shifted out of the scan chain 24 through the serial output 
external connection test terminal IpSO for test. 

[0087] On the side of th e output pins of the macro 12/ the appropriate test 
pattern data is used as in )ut signal to the scan chain 24 within the macro 12 
through the serial input external connection test terminal IpSI. The output 
scan cells 28 shift the test data and provide updated outputs, as inputs, to the 
combinational circuit 22. Outputs of the combinational circuit 22 are delivered 
out of the macro 12 through its output pins to the data signal input ends 304 
of the output boundary-s:an cells BOi, B0 2 ... BO x . The signals on the data 
signal input ends 304 are allowed by the selectors 316 to appear at the data 
signal output ends 306. Fhe signals at the data signal output ends 306 are 



allowed by the gates 310 



:o reach the capturing inputs of the scan cells 314 of 



the multiplex type, and ca Dtured in response to the test control signal SCAN EN 



and clock signal CLK. The 
of the boundary-scan 



captured data are shifted out of the scan chain 14B 
device 16A through the serial output external 
connection test terminal IJSOl for test. 

[0088] After the various tests of the components during test mode 
operations, the custom LSI 10A is tested using the serial input and output 
external connection test terminals. In this case, the test control signal 
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As the test control signal 
input boundary-scan cells 



SCANTEST is at n O" level a id the test control signal ExSCANTEST is at'O" level. 



SCANTEST is at "0" level, the selectors 246 of the 
BIi. BI2 ... BI X allow signal transmission from the 
data signal Input to output ends 234 and 236 through the signal paths 232, 
and the selectors 316 of the output boundary-scan cells BOi. B0 2 ... BO x allow 
signal transmission from :he data signal input to output ends 304 and 306 
through the signal paths : 02. 

[0089] With reference back to Figures 1 to 3, according to the first 
exemplary embodiment of the present invention, a signal transmission 
through each signal path 1 22, via selector 134, to the macro 12 is tested when 
the peripheral circuit 18 is under test, and a signal transmission through each 
signal path 182, via selector 194, from the macro 12 is tested when the macro 
12 is under test. With refe -ence now to Figures 4 to 6, according to the second 
exemplary embodiment Df the present Invention, a signal transmission 
through each signal path 232, via selector 246, to the macro 12 Is tested when 
the peripheral circuit 18 is under test, and a signal transmission through each 
signal path 302, via selec:or 316 is tested when the macro 12 is under test. 
Accordingly, in each of th«t first and second exemplary embodiments, it is no 
longer necessary to test a signal transmission through each of signal paths to 
and from the macro 12 when the custom LSI as a whole is under test, making 
it possible to considerably simplify and shorten a test pattern by eliminating all 
tests but a transition test i.e., a test to very that a transition from the test 
mode operations to norm, 1 1 mode operations is made properly. Detection of 
any faults or failures in a boundary-scan device in a custom LSI is significantly 
simplified to provide an enhanced test quality of the custom LSI. As 
generation of such test pa tern does not require any circuit information on the 

necessary for the supplier to disclose the circuit 
information on the macro 12, thus preventing any leak of such circuit 
information. 

[0090] Although the present Invention and its advantage have been 

should be understood that various changes, 
ons could be made herein without departing from 
invention. 

aims the priority of Japanese Patent Application No. 



described in detail, it 
substitutions and altemat 
the sprit and scope of the 
[0091] This application c 
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mber 5, 2002, the disclosure of which is hereby 
in its entirety. 



